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Abstract 

and coaldeashing on the product slate as well as rates of liquid 
production were studied in the hydrogen donating liquefaction of 
an Australian brown and a Japanese subbituminous coal using 
tetrahydrofluoranthene(4HFL) as a donor at 4 5 0  "C. An adequate 
amount of donor at the fixed solvent/coal ratio provided the best 
yield of oil plus asphaltene. The best amount varied, depending 
upon the coal and liquefaction conditions. Less amount of donor 
at the decreasing solvent/coal ratio gave much rapi decrease of 
the liquid yield. Hydrogen pressure around 40 kg/cm' certainly 
participated favorable in the liquefaction, especially pronounced 
at the low donor/coal ratio as observed with pyrolyses of model 
substrates. Deashing to r'emove dominant calcium ions was 
generally favorable to increase the liquid yield, however some 
coals at the low donor/coal ratio suffered some retrogressive 
reaction. Such results indicate multi-fold roles of solvent and 
plural mechanisms of coal-macromolecular depolymerization. 
Different reactivities of the brown coals of different lots are 
briefly discussed. 

Introduction 

time by examining various ideas to improve its efficiency[l-SI. 
Nevertheless, the process is still far away from satisfaction 
about the cost of product oil. Better yield of distillate oil on 
the bases of reactor volume, hydrogen consumption and very severe 
reaction conditions as well as fed coal is desperately wanted. 

The macromolecular mixtures of solid coal are digested 
and/or depolymerized into distillable species through solvent 
extraction as well as pyrolytic, hydrogen-transferring and 
catalytic bond dissociations[61. Poor interaction between the 
solid coal grain and solid catalyst, unless the fine catalysts 
are highly dispersed on the coal with rather extensive cost[7,8], 
suggests that the first step of coal conversion to obtain liquid 
easily accessible to the solid catalyst is dominated by the 
reactions among coal molecules, the solvent and gaseous 
atmosphere. It has been pointed that hydrogen donor solvents 
derived from 3 - 4  ring aromatic hydrocarbons are very powerful 
to liquefy the coal through their proper hydrogen-donating and 
dissolving abilities against coal molecules[9,101. Thus, most 
appropriate use of donor solvent is an approach to find better 
scheme of coal liquefaction. The minimum amount of donor solvent 
to assure the maximum yield of oil and asphaltene may increase 
the efficiency of hydrogen consumption and the reactor volume, 
and moderates the conditions[lll. 

Influences of donor and solvent amounts, hydrogen pressure 

Coal liquefaction process has been investigated for quite a 
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I n  a d d i t i o n  t o  a c l a s s i c a l  mechanism of s t a b i l i z a t i o n  o f  
t h e r m a l l y  p r o d u c e d  r a d i c a l s  f r o m  c o a l  m o l e c u l e s ,  it has b e e n  
r e c o g n i z e d  t h a t  d o n o r  m o l e c u l e s  d i r e c t l y  i n t e r a c t  w i t h  t h e  c o a l  
m a c r o m o l e c u l e s  to a c t i v a t e  v i a  h y d r o g e n a t i o n  a n d  h y d r o c r a c k i n g  
a c c o r d i n g  t o  t h e  r e a c t i v i t y  of c o a l  m o l e c u l e s  as w e l l  a s  t h e  
d o n o r ,  and r e a c t i o n  c o n d i t i o n s L 6 ,  11-1 31. Such b i m o l e c u l a r  
mechanisms s u g g e s t  t h e  i m p o r t a n c e  o f  t h e  s o l v e n t  q u a l i t y  a n d  
q u a n t i t y  u n d e r  r e a c t i o n  c o n d i t i o n s  m a t c h e d  t o  t h e  b o t h  m a t e r i a l s  
fo r  t h e  l i q u e f a c t i o n  e f f i c i e n c y .  

The hydrogen  t r a n s f e r r i n g  mechanism may a l so  s u g g e s t  t h e  
i m p o r t a n c e  o f  h y d r o g e n  p r e s s u r e  when t h e  m o l e c u l a r  h y d r o g e n  is  
a c t i v a t e d  by t h e  r a d i c a l  s p e c i e s  d e r i v e d  f rom d o n o r s  and  c o a l  
m o l e c u l e s .  Vernon h a s  p o i n t e d  o u t  t h e  p a r t i c i p a t i o n  o f  m o l e c u l a r  
hydrogen  i n  t h e  p y r o l y s i s  of  d i b e n z y l  w i t h  t h e  e x i s t e n c e  o f  
t e t r a l i n l l 4 1 .  The r a d i c a l  i n i t i a t o r  is  a l s o  s u g g e s t e d  i m p o r t a n t  
t o  i n i t i a t e  t h e  c h a i n  r e a c t i o n s  o f  c o a l  and  s o l v e n t  m o l e c u l e s  
a c c o r d i n g  t o  t h e  b i m o l e c u l a r  mechanism.  

I n  t h e  p r e s e n t  r e p o r t ,  we a r e  g o i n g  t o  d e s c r i b e  t h e  
i n f l u e n c e s  of d o n o r  c o n c e n t r a t i o n  i n  t h e  s o l v e n t ,  d o n o r  amount  
and hydrogen  p r e s s u r e  i n  t h e  l i q u e f a c t i o n  of a n  A u s t r a l i a n  brown 
a n d  a J a p a n e s e  s u b b i t u m i n o u s  c o a l  on t h e  y i e l d  o f  o i l  a n d  
a s p h a l t e n e  w h i c h  a r e  b o t h  e a s i l y  c o n v e r t e d  i n t o  d i s t i l l a b l e  c l e a n  
o i l  by t h e  s u c c e s s i v e  c a t a l y t i c  h y d r o t r e a t i n g  p r o c e s s .  I n f l u e n c e s  
o f  s u c h  r e a c t i o n  v a r i a b l e s  were a lso s t u d i e d  w i t h  model  
s u b s t r a t e s .  The r e a c t i v i t y  of t h e  c o a l s  i s  v e r y  s e n s i t i v e  t o  t h e  
c o a g u l a t i o n  o f  t h e i r  m a c r o m o l e c u l e s  and  m a c e r a l  c o m p o s i t i o n [ l 5 1 .  
Hence,  t h e  i n f l u e n c e  of  d e a s h i n g  on t h e  h y d r o g e n - d o n a t i n g  
l i q u e f a c t i o n  and  m i c r o s c o p i c  c o a l  c h a r a c t e r i z a t i o n  were 
i n v e s t i g a t e d  [ 16 ,17 I .  M o r w e l l  brown c o a l  i s  f o u n d  t o  e x h i b i t  v e r y  
d i f f e r e n t  r e a c t i v i t y  a c c o r d i n g  t o  t h e  r o t ,  y i e l d i n g  v a r i a b l e  
a m o u n t s  of a s p h a l t e n e  a n d  r e s i d u e .  

E x p e r i m e n t a l  
M a t e r i a l s  

The u l t i m a t e  a n a l y s e s  of t h e  s a m p l e  c o a l s  a r e  s u m m a r i z e d  i n  
T a b l e  1 .  The l i q u e f a c t i o n ( h y d r 0 g e n  d o n a t i n g )  s o l v e n t  was  
tetrahydrofluoranthene(4HFL) p r e p a r e d  by c a t a l y t i c  h y d r o g e n a t i o n  
o f  commercial f l u o r a n t h e n e  (FL) u s i n g  a c o m m e r c i a l  N i - M o  c a t a l y s t  
i n  a n  a u t o c l a v e  a t  250 'C, and  q u a n t i f i e d  by g.c. a n d  p u r i f i e d  by 
r e c r y s t a l l i z a t i o n .  
P r e t r e a t m e n t  of  c o a l  

A f t e r  t h e  c o a l  was g r o u n d  t o  p a s s  6 0  US m e s h  s c r e e n ,  i t  w a s  
k e p t  i n  r e f l u x i n g  a q .  HCl(1N) a n d  m e t h a n o l ( l 0  ~ 0 1 % )  u n d e r  
n i  r o g e n  f l o w  t o  r e m o v e  d i v a l e n t  c a t i o n s  s u c h  as Ca2+,  Mg2+ a n d  
Pet+. A f t e r  t h e  p r e t r e a t m e n t ,  t h e  c o a l  w a s  f i l t e r e d ,  washed  w i t h  
water ,  and d r i e d  i n  vacuum a t  room t e m p e r a t u r e .  
L i q u e f a c t i o n  p r o c e d u r e  

L i q u e f a c t i o n  w a s  c a r r i e d  o u t  i n  a t u b e  bomb(20 m l  vo lume) .  
The c o a l ( 2 . 0  g ) ,  w h i c h  had been  g r o u n d  t o  less t h a n  6 0  U S  mesh  
a n d  d r i e d  a t  1 0 0  " C  u n d e r  v a c u u m ,  a n d  t h e  s o l v e n t ( 2 . 0 ,  3 .0 ,  4.0 
or 6.0 g ) ,  a f t e r  t h e i r  t h o r o u g h  m i x i n g ,  were t r a n s f e r r e d  t o  t h e  
bomb. The bomb was t h e n  p r e s s u r i z e d  w i t h  n i t r o g e n  or hydrogen  g a s  
t o  1 .O o r  2.0 MPa a t  room t e m p e r a t u r e  a n d  i m m e r s e d  i n t o  a m o l t e n  
t i n  b a t h  a t  t h e  p r e s c r i b e d  t e m p e r a t u r e ,  a n d  a g i t a t e d  a x i a l l y .  The 
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p r o d u c t s  r e m a i n i n g  i n  t h e  bomb w e r e  e x t r a c t e d  w i t h  THF, b e n z e n e  
a n d  n-hexane.  The h e x a n e  s o l u b l e ( H S ) ,  h e x a n e  i n s o l u b l e - b e n z e n e  
so luble(H1-BS) ,  b e n z e n e  i n s o l u b l e - T H F  so luble(B1-THFS)  and  THF 
i n s o l u b l e ( T H F 1 )  s u b s t a n c e s  were d e f i n e d  a s  o i l ,  a s p h a l t e n e ,  
p r e a s p h a l t e n e  a n d  r e s i d u e ,  r e s p e c t i v e l y .  G a s  y i e l d  w a s  c a l c u l a t e d  
by t h e  d i f f e r e n c e  be tween t h e  i n i t i a l  a n d  r e c o v e r e d  w e i g h t .  

R e s u l t s  
I n f l u e n c e s  o f  4HFL c o n c e n t r a t i o n  i n  t h e  f i x e d  s o l v e n t / c o a l  
of 311 

l i q u e f a c t i o n  o f  Morwell-I  c o a l  a t  450 OC u n d e r  n i t r o g e n  were 
shown i n  T a b l e  2. The p u r e  4HFL s o l v e n t  l i q u e f i e d  t h e  c o a l  v e r y  
r a p i d l y ,  w h e r e a s  a l o n g e r  r e a c t i o n  t i m e  i n c r e a s e d  m a r k e d l y  t h e  
g a s e o u s  p r o d u c t  as  w e l l  a s  t h e  sum y i e l d  o f  o i l  a n d  a s p h a l t e n e .  
Al though d e c r e a s i n g  4HFL i n  t h e  s o l v e n t  r e d u c e d  t h e  rates o f  
l i q u e f a c t i o n  a s  f o r  b o t h  g a s  a n d  l i q u e f i e d  p r o d u c t s ,  t h e  4HFL 
c o n t e n t s  of  314 a n d  214 i n  t h e  s o l v e n t  p r o v i d e d  more f a v o r a b l e  
p r o d u c t  s l a t e s (  h i g h  y i e l d ( > 8 0 % )  o f  o i l  p l u s  a s p h a l t e n e  and  l o w  
y i e l d s  o f  p r e a s p h a l t e n e  a n d  g a s e o u s  p r o d u c t s ) .  

I n f l u e n c e s  o f  4HFL c o n c e n t r a t i o n  o n  t h e  p r o d u c t  s la te  i n  t h e  

I n f l u e n c e  of 4 H F L ( s o l v e n t ) / c o a l  ratio 
F i q u r e  1 i l l u s t r a t e s  t h e  o i l  and  a s p h a l t e n e  y i e l d s  f r o m  

Morwell-I c o a l  a t  450 " C  u n d e r  n i t r o g e n  - f o r  t h e  r e s p e c t i v e  b e s t  
r e s i d e n c e  t i m e s  u s i n g  v a r i a b l e  s o l v e n t ( p u r e  4HFL)/coa l  r a t i o s .  
The o i l  a n d  a s p h a l t e n e  y i e l d s  w e r e  o n l y  s l i g h t l y  i n f l u e n c e d  by 
t h e  r a t i o s  t o  g i v e  a r o u n d  60 a n d  1 0  % y i e l d s ,  r e s p e c t i v e l y ,  when 
t h e  r a t i o  r a n g e d  f r o m  311 t o  1 .5 /1 ,  a l t h o u g h  a t r e n d  o f  s l i g h t  
d e c r e a s e s  o f  b o t h  y i e l d s  may be  o b s e r v a b l e  w i t h  d e c r e a s i n g  t h e  
r a t i o s .  I t i s  o f  v a l u e  t o  p o i n t  t h a t  t h e  y i e l d s  o f  p r e a s p h a l t e n e  
a n d  r e s i d u e  were a l w a y s  less t h a n  5 %. 

when t h e  s o l v e n t / c o a l  r a t i o  was r e d u c e d  to 1 1 1 ,  w h i l e  t h e  
s i g n i f i c a n t  i n c r e a s e  o f  a s p h a l t e n e  w i t h  some i n c r e a s e s  o f  
p r e a s p h a l t e n e ,  r e s i d u e  and  g a s  w e r e  o b s e r v e d  a t  t h e  b e s t  r e s i d e n c e  
t i m e  of 10 min. The l a r g e  i n c r e a s e s  o f  t h e  l a t t e r  t h r e e  p r o d u c t s  
were o b s e r v e d  by a l o n g e r  r e s i d e n c e  t i m e  a t  t h i s  r a t i o ,  r e s u l t i n g  
i n  a f u r t h e r  marked  d e c r e a s e s  o f  o b j e c t i v e  p r o d u c t s .  

A d r a s t i c  d e c r e a s e  o f  o i l  a n d  h e n c e  t h e  sum y i e l d  t o o k  p l a c e  

I n f l u e n c e  of h y d r o q e n  p r e s s u r e  o n  c o a l  l i q u e f a c t i o n  
F i g u r e  2 i l l u s t r a t e s  t h e  l i q u e f a c t i o n  y i e l d s  f r o m  Morwell-I  

and  -11 coals a t  450 'C a n d  1 .5 /1(4HFL/coal -  r a t i o )  u n d e r  n i t r o g e n  
o r  hydrogen  p r e s s u r e .  The c o n v e r s i o n  o f  a s p h a l t e n e  i n t o  o i l  was 
a c c e l e r a t e d  by h y d r o g e n  p r e s s u r e ,  e s p e c i a l l y  u n d e r  h i g h e r  
p r e s s u r e ,  w h e r e  t h e  i n t e r a c t i o n  o f  m o l e c u l a r  h y d r o g e n  w i t h  d o n o r  
a n d / o r  c o a l  m o l e c u l e s  w a s  enhanced .  I t  s h o u l d  be  n o t e d  t h a t  t h e  
h i g h e s t  o i l  y i e l d  from Morwell-I1 was a c h i e v e d  u n d e r  h i g h e r  
h y d r o g e n  p r e s s u r e  a t  t h e  r e a c t i o n  t i m e  of 20 m i n ,  when most  of 
4HFL was consumed.  

g i v i n g  h i g h e r  o i l  y i e l d  r e g a r d l e s s  o f  a t m o s p h e r e ,  a l t h o u g h  t h e  
sum y i e l d s  of  o i l  p l u s  a s p h a l t e n e  were much t h e  same. Lower 
r e a c t i v i t y  of  t h e  a s p h a l t e n e  f r o m  Morwell-I1 c o a l  i s  s u g g e s t e d .  

F i g u r e  3 i l l u s t r a t e s  t h e  l i q u e f a c t i o n  y i e l d s  f r o m  T a i h e i y o  

M o r w e l l - I  was  c e r t a i n l y  more r e a c t i v e  t h a n  M o r w e l l - 1 1 ,  

603 



c o a l  a t  450 O C  a n d  1.5/1 (4HFL/coal  r a t i o )  u n d e r  n i t r o g e n  or 
hydrogen  p r e s s u r e .  H i g h e r  o i l  and  a s p a h l t e n e  y i e l d  o f  80 8 was 
a c h i e v e d  from T a i h e i y o  c o a l  t h a n  Morwe l l  coals,  r e f l e c t i n g  much 
less g a s  y i e l d .  P r e s s u r e  e f f e c t  of hydrogen  was  marked a t  t h e  
r e a c t i o n  o f  1 0  m i n ,  c o n v e r t i n g  a s p h a l t e n e  i n t o  o i l .  

I n f l u e n c e  of h y d r o q e n  p r e s s u r e  on t h e  r e a c t i o n  o f  model compounds 
T a b l e  3 s u m m a r i z e s  t h e  i n f l u e n c e  of hydrogen  p r e s s u r e  on t h e  

c o n v e r s i o n s  o f  d i b e n z y l  (DB) a t  450 "C, 30 m i n  a n d  v a r i a b l e  
d o n o r ( 4 H F L ) / s u b s t r a t e  r a t i o s .  The c o n v e r s i o n s  o f  DB were a l w a y s  
h i g h e r  unde r  h y d r o g e n  p r e s s u r e  w i t h  less 4HFL c o n s u m p t i o n  t h a n  
t h o s e  u n d e r  n i t r o g e n  p r e s s u r e .  Such a t e n d e n c y  i n c r e a s e s  w i t h  
d e c r e a c i n g  4HFL amoun t .  It s h o u l d  be n o t e d  t h a t  hydrogen  p r e s s u r e  
enhanced  t h e  DB c o n v e r s i o n  e v e n  w i t h  a non-donor  s o l v e n t .  

I n f l u e n c e  of d e a s h i n q  a t  l o w  4HFL/coal  ratio 
F i g u r e  4 i l l u s t r a t e s  t h e  l i q u e f a c t i o n  y i e l d s  f rom t h e  

d e a s h e d - M o r w e l l - I  a n d  T a i h e i y o  c o a l s  a t  450 -"C-lO min and  
1 . 5 / 1  (4HFL/coal  r a t i o ) .  The o i l  y i e l d  f r o m  M o r w e l l - I  C o a l  
i n c r e a s e d  t o  65 3 w i t h  d e c r e a s i n g  g a s ,  p r e a s p h a l t e n e  and r e s i d u e  
y i e l d s .  I n  c o n t r a s t ,  t h e  d e a s h i n g  p r e t r e a t m e n t  e x h i b i t e d  
u n f a v o r a b l e  e f f e c t  o n  t h e  l q u e f a c t i o n  of T a i h e i y o  c o a l  a t  low 
4HFL/coal r a t i o ,  i n c r e a s i n g  t h e  y i e l d s  of  g a s  and  heavy f r a c t i o n s  
( p r e a s p h a l t e n e  a n d  r e s i d u e )  w i t h  s l i g h t  i n c r e a s e  of oil y i e l d .  

D i s c u s s i o n  
The p r e s e n t  s t u d y  r e v e a l e d  t h a t  t h e  c o n c e n t r a t i o n  and amoun t  

of d o n o r ,  and h y d r o g e n  p r e s s u r e  a r e  v e r y  i n f l u e n t i a l  on t h e  y i e l d  
of o i l  p l u s  a s p h a l t e n e  i n  t h e  h y d r o g e n - t r a n s f e r r i n g  l i q u e f a c t i o n .  
The volume of s o l v e n t  d e f i n e s  t h e  volume o f  r e a c t o r  and i t s  
r e d u c t i o n  can  i n c r e a s e  t h e  p r o d u c t i v i t y  o f  t h e  l i q u e f a c t i o n .  

hydrogen  d o n a t i o n  p e r f o r m s  t h e  f o l l o w i n g  r e a c t i o n s  i n  c o a l  
l i q u e f a c t i o n ;  

The roles  of s o l v e n t  h a v e  been r e c o g n i z e d  m u l t i - f o l d .  The 

1. S t a b i l i z a t i o n  of r a d i c a l s  d e r i v e d  t h e r m a l l y  f rom t h e  c o a l  

2. Hydrogena t ion  o f  r e a c t i v e  s i tes  o f  coal m o l e c u l e s  t o  l o o s e n  

3 .  Cleavage  of bonds  i n  c o a l  m o l e c u l e s  by s u b s t i t u t i o n  w i t h  

m o l e c u l e s .  

t h e  bonds  f o r  t h e i r  d i s s o c i a t i o n .  

hydrogen atoms. 

The c o n t r i b u t i o n s  o f  t h e s e  schemes  a r e  s t r o n g l y  d e p e n d e n t  
upon t h e  r e a c t i v i t i e s  o f  c o a l  and s o l v e n t ,  and  h e n c e  r e a c t i o n  
c o n d i t i o n s [ l l  1 .  

s o l v e n t  o v e r  a c e r t a i n  q u a n t i t y .  I t s  e x c e s s  amoun t  s t a y s  
u n p a r t i c i p a t e d .  L e s s  amoun t  f a i l s  t o  p r e v e n t  t h e  r e t r o g r e s s i v e  
r e a c t i o n .  I n  c o n t r a s t ,  a c c o r d i n g  t o  t h e  schemes  2 and 3 ,  t h e  
d o n o r  d i r e c t l y  r e a c t s  w i t h  t h e  c o a l  m o l e c u l e s .  Hence, i t s  amount  
k i n e t i c a l l y  i n f l u e n c e s  t h e  l i q u e f a c t i o n ,  more amount  
a c c e l e r a t i n g  t h e  r a t e  o f  l i q u e f a c t i o n .  Such schemes  c e r t a i n l y  
d e p o l y m e r i z e  t h e  c o a l  molecules i n t o  o i l  a n d  a s p h a l t e n e  d i r e c t l y  
o r  i n d i r e c t l y  t h r o u g h  p r e a s p h a l t e n e ,  b u t  a l s o  a c c e l e r a t e  t h e  g a s  

Accord ing  to  s c h e m e  1 ,  t h e  c o a l  l i q u e f a c t i o n  r e q u i r e s  donor  

I 
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f o r m a t i o n  t h r o u g h  t h e  h y d r o c r a c k i n g  o f  a l k y l  s i d e - c h a i n s  a n d  
n a p h t h e n e  r i n g s .  Thus,  t h e  opt imum a m o u n t  of  d o n o r  e x i s t s  t o  
p r o d u c e  t h e  maximum y i e l d  of o i l  p l u s  a s p h a l t e n e .  The opt imum 
amount  may v a r y  d u e  to  t h e  c o a l ,  d o n o r  a n d  r e a c t i o n  c o n d i t i o n s  
w h i c h  a r e  a l l  i n f l u e n t i a l  upon t h e  p a r t i c i p a t i o n  e x t e n t  of  t h e  
schemes.  The p r e s e n t  s t u d y  c e r t a i n l y  i n d i c a t e s  t h e  opt imum amount  
of  t h e  d o n o r  f o r  t h e  maximum y i e l d .  T a i h e i y o  c o a l  r e q u i r e d  more 
d o n o r  f o r  t h e  p r o d u c t i o n  o f  o i l  t h a n  Morwell-I c o a l .  L a r g e r  
e x t e n t  o f  d e p o l y m e r i z a t i o n  i s  r e q u i r e d  w i t h  h i g h e r  r a n k  c o a l :  

The s o l v e n t  i s  e x p e c t e d  t o  p l a y  roles o f  d i s s o l v i n g  a n d  
d i s p e r s i n g  a g e n t s  a g a i n s t  c o a l - d e r i v e d  m o l e c u l e s  a n d  d o n o r .  T h e i r  
i n t i m a t e  c o n t a c t  and  r a d i c a l  d i s p e r s i o n  w h i c h  a r e  s t r o n g l y  
i n f l u e n t i a l  o n  t h e  l i q u e f a c t i o n  a s  w e l l  a s  r e t r o g r e s s i v e  
r e a c t i o n s  a r e  a s s u r e d  by t h e  s o l v e n t .  Hence,  t h e  a m o u n t  o f  non-  
d o n o r  s o l v e n t  p a r t i c i p a t e s  t h e  l i q u e f a c t i o n  scheme.  The 
d i f f e r e n c e  b e t w e e n  t h e  same a m o u n t s  of t h e  d o n o r  i n  t h e  f i x e d  
amount  o f  a r o m a t i c  s o l v e n t  and  a l o n e  w i t h o u t  a d d i t i o n a l  s o l v e n t  
is  t h u s  d e f i n i t e ,  a l t h o u g h  smaller amount  of  s o l v e n t  may b e  
f a v o r a b l e  when t h e  p r o d u c t  s l a t e  is  a c c e p t a b l e .  

The opt imum amount  of d o n o r  c a n  b e  r e d u c e d  u n d e r  t h e  
hydrogen  p r e s s u r e  i f  t h e  h y d r o g e n  i s  t r a n s f e r r e d  t o  t h e  d o n o r ,  
c o a l  m o l e c u l e s  or r a d i c a l s  d e r i v e d  from d o n o r  a n d  c o a l  m o l e c u l e s .  
Vernon h a s  i n d i c a t e d  t h e  p a r t i c i p a t i o n  o f  m o l e c u l a r  h y d r o g e n s  i n  
t h e  p y r o l y s i s [ l 4 ] .  The p r e s e n t  r e s u l t s  i n d i c a t e  t h a t  i t  i s  
p o s s i b l e  w i t h  c e r t a i n  t y p e s  o f  model  m o l e c u l e s  and  coals. Such a 
p a r t i c i p a t i o n  of m o l e c u l a r  hydrogen  u n d e r  some p r e s s u r e s  may 
r e d u c e  t h e  d i f f i c u l t y  o f  c a t a l y t i c  h y d r o t r e a t i n g  p r o c e s s  o f  t h e  
second s t a g e ,  w h e r e  t h e  h y d r o c r a c k i n g  f o r  more o i l  and  
h y d r o g e n a t i o n  f o r  t h e  s o l v e n t  r e g e n e r a t i o n  are b o t h  e x p e c t e d .  The 
f i r s t  s t a g e  r e q u i r e s  some p r e s s u r e  i n  a n y  c a s e  t o  m a i n t a i n  t h e  
s o l v e n t  i n  t h e  l i q u i d  p h a s e  a n d  c o a l - d e r i v e d  m o l e c u l e s .  

The d e a s h i n g  f o r  some c o a l s  h a s  b e e n  r e p o r t e d  t o  i n c r e a s e  
t h e  y i e l d  o f  l i q u i d  p r o d u c t  i n  t h e  h y d r o g e n  t r a n s f e r r i n g  
l i q u e f a c t i o n  w i t h  s u f f i c i e n t  amount  of  s o l v e n t  t h r o u g h  e n h a n c e d  
f u s i b i l i t y  v i a  l i b e r a t i o n  o f  c o a l  m a c r o m o l e c u l e s [ l l l .  It  i s  n o t  
a l w a y s  t h e  c a s e  when less amount  of  s o l v e n t  i s  a p p l i e d .  L a r g e r  
a m o u n t  o f  d o n o r  may b e  n e c e s s a r y  a t a t i m e t o  m a t c h  t h e  e n h a n c e d  
r e a c t i v i t y  o f  d e a s h e d  coal. M o r w e l l - I 1  coal e x h i b i t e d  c e r t a i n l y  
less r e a c t i v i t y  a n d  i n f l u e n c e  o f  d e a s h i n g .  The marked  d i f f e r e n c e  
is  found i n  t h e  c o n v e r s i o n  o f  a s p h a l t e n e  t o  o i l .  More u n r e a c t i v e  
a s p h a l t e n e  i s  p r e s e n t e d  i n  t h e  p r o d u c t  f r o m  M o r w e l l - I 1  coal. 
Detai l  s t r u c t u r e  o f  a s p h a l t e n e  i s  a n  o b j e c t i v e  o f  f u t u r e  s t u d y .  
T a i h e i y o  c o a l  e x h i b i t e d  l i t t l e  i n f l u e n c e  o f  d e a s h i n g ,  e s p e c i a l l y  
w i t h  smaller amount  o f  d o n o r  s o l v e n t .  

The c o m b i n a t i o n  o f  d e a s h i n g  p r e t r e a t m e n t  a n d  h y d r o g e n  
p r e s s u r e  is o f  v a l u e  fo r  s t u d y  to  o b t a i n  h i g h e r  y i e l d  o f  o i l  a n d  
a s p h a l t e n e  by r e d u c i n g  t h e  p r e a s p h a l t e n e  a n d  r e s i d u e ,  s i n c e  t h e  
d e a s h i n g  p r e t r e a t m e n t  is e x p e c t e d  t o  s i m p l i f y  t h e  l i q u e f a c t i o n  
s t e p s  a n d  s o l v e  t h e  o p e r a t i o n a l  p r o b l e m s [ l 8 ] .  

w h i c h  i s  n e c e s s a r y  f o r  coal s l u r r y  t r a n s p o r t a t i o n ,  w h i c h  r e q u i r e s  
a s i g n i f i c a n t  amount  of  l i q u i d  a t  room t e m p e r a t u r e .  Such  a 
v e h i c l e  s o l v e n t  i s  n o t  n e e d e d  a n y  more when a c e r t a i n  e x t e n t  o f  
l i q u e f a c t i o n  h a s  p r o c e e d e d  t o  s u p p l y  t h e  s o l v e n t  f r a c t i o n .  The 
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removal of such lightest portion in the solvent can economize the 
reactor volume. 
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Table 1 

Elemental analyses of sample coals 

Coa 1 wt% (daf ) Ash 
name C H N ( O + S )  (wt%) 

Morwell-I 60.5 5.5 0.5 33.4 2.4 
Dea shed - I 61.2 5.4 0.5 32.9 1 .I 
Morwell-I1 63.7 4.9 0.6 30.8 2.3 

Taiheiyo 73.5 6.3 1.2 19.0 17.3 
Deashed coal 73.9 6.3 1.3 18.6 10.9 
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Table 2 

Influences of donor(4HFL) concentration in the solvent' ) 
on the liquefaction yields from Morwell-I coal at 450 OC 

4HFL Reaction Yield (wt%) 

( % )  time(min) Gas Oil Asph. Preasph. Residue 

i 

~~ 

100 5 19 56 13 12 0 
20 20 62 14 4 0 
30 2a 53 14 5 0 

75 5 13 51 15 15 6 
20 14 6a 14 4 0 
30 13 6a 14 5 0 

50 5 6 50 23 14 7 
10 10 56 19 6 9 
30 9 6 0  22 6 3 

25 5 8 44. 21 12 15 
10 a 47 ia 14 13 
30 10 48 17 7 ia 

1) Solvent/coal ratio = 3/l(fixed) 
Solvent composition : 4HFL/(4HFL+FL) 
(FL: fluoranthene, 4HFL: tetrahydro-FL) 

Table 3 

Influence of hydrogen pressure on dibenzyl(DB) 
conversion at 450 "C-30 min 

Atmosphere' ) Reactants (mmol) Conversion(%) 

(kg/cm2) DB FL 4HFL DB 4HFL 
~ 

N2 (10) 2.75 14.9 0 25 - 

H2 (20) 2.75 14.9 0 36 - 

N2 (10) 2.75 14.6 0.24 25 100 

H2 ( 2 0 )  2.75 14.6 0.24 33 76 

N2 (10) 2.75 14.4 0.49 32  a5 

H2 (20) 2.75 14.4 0.49 3a 58 

1) ( ) :  initial pressure 
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F i g . 1  
I n f l u e n c e  of s o l v e n t ( 4 H F L ) / c o a l  r a t i o  
on t h e  l i q u e f a c t i o n  y i e l d s  a t  450'c 

0 : l o i l + a s p h a l t e n e l ,  0 : o i l .  @:gas, B : a s p h a l t e n e ,  

0 : p r e a s p h a l t e n e .  iD:residue 

none 

Fig. 3 
E f f e c t  of h y d r o g e n  p r e s s u r e  on t h e  
l i q u e f a c t i o n  o f T a i h e i  0 c o a l  a t  450.C 
a n d  ?.Sll(solven& 
. : ( O t A l , O :  08a: G,O: P,a: R 

. . . . . . . . . . . , . . 0 :o ...... 
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m :s 
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\ - I  . . . . . . . . d t a s  

Fiq.4 
E f f e c t  of  d e a s h i n q  on t h e  I I q u s f a c t i o n  a t  
450.C-10 m i n ~ s o l v s n t / c o r l - i  , 5 1 1 ,  s o 1 w n t : I H ~ ~ )  

1.1 IlorwellJ Ibl T a i h c i y o  
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